ABSTRACT: This study tests the relationship between third molar impaction and its concomitant effect on age estimation methods. Data were collected on radiographs of males analyzed in the Defense POW/MIA Accounting Agency Laboratory (n = 114). Radiographs of skeletonized individuals were scored for dental development, and age was assigned based on the appropriate ancestry-based method. Differences between identified age and estimated dental age were assessed to determine whether molar impaction affected root development and age estimations. Results indicate that impacted teeth tend to be underdeveloped and result in age estimates that are too low. While these results are of note to anthropologists and odontologists performing dental age estimates, more work is needed to explore the effect of impaction on development among a more diverse sample.
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There is substantial population variation in third molar development; however, it is still a useful indicator of age in late adolescence when all other teeth are fully developed. Third molar development may also prove useful in conjunction with other age indicators in determining whether an individual has attained the age of majority, which could have legal ramifications. To this end, numerous methods have been developed to estimate age from the third molar. Population-specific methods have been established for Hispanics (1,2), Japanese (3), American Blacks (4), Spanish populations (5,6), a Portuguese population (7), Turkish children (8, 9) , Brazilians (10), South Indians (11), Australians (12), American Whites (13), Chinese young adults (14) , and Koreans (15) . While a clear relationship between tooth development and chronological age has been documented, the effect of dental impaction on crown and root development and how it could alter age estimations is not well understood. Such a study is particularly relevant for age estimations based on the third molar as it is by far the most impacted tooth. In a study of 5000 army recruits, over 10 000 teeth were found to be impacted, all of which were third molars except for 212 teeth (16) . Reports of the frequency of third molar impaction are widely varied and population specific. One study reported 21.9% of maxillary third molars and 17.5% of mandibular third molars were impacted in a study of 3874 full-mouth radiographs (17) . A study on patients at Harlem hospital identified 18.2% dental impactions from radiographs, 94.8% of which were of the third molar (18) . In a Turkish sample of 207 individuals, third molar impaction rate was reported at 54.1% (19) . A study of a Southeast Iranian population reported third molar impaction at 57.4% (20) . And, in a study of radiographs of a Singapore Chinese population, the rate of impacted third molars was 68.6% (21) . A recent metaanalysis found that third molar impaction occurs at roughly 24.4% worldwide. This study also found that impaction was more common in the mandible than the maxilla and that there was no difference between males and females (22) .
There is limited research to suggest that molar impaction may be genetically inherited (23) , or that there is an environmental or diet component to impacted third molars among modern humans (24, 25) . Such findings are in line with predictions based on the masticatory-functional hypothesis, in that changes in diet could lead to decreased demand on the masticatory complex that would decrease the size and robusticity of the cranial vault and face (26) (27) (28) (29) . And, in fact, small mandibles (30), ramus length, and direction of condylar growth (31) have been associated with dental impaction, as have teeth with large mesiodistal widths (32) .
Approximately five million people have third molars removed every year in the U.S.A (33) . While prophylactic extraction of third molars is exceedingly common, there is growing debate among dentists over the necessity of removing third molars (34) (35) (36) (37) (38) . It may therefore become more common to find third molars in forensic casework. The goal of the present study is to test current age estimation methods and validate their accuracy in estimating age of impacted third molars in males.
Materials and Methods
Data were collected on radiographs of individuals analyzed in the Defense POW/MIA Accounting Agency (DPAA) laboratory. The DPAA is charged with the search, recovery, and subsequent identification of missing service members from previous conflicts. Due to the unique mission of this agency, the vast majority of individuals recovered are males. Therefore, this study is only comprised of male individuals (n = 114). All individuals were positively identified and have documented ancestry and ages at death. These service members were recovered from past conflicts that include World War II, Vietnam, and Korea.
Periapical radiographs of skeletonized individuals were taken by forensic odontologists for the express purpose of estimating age from the third molar. These radiographs were used to score all present third molars for dental development according to the stages defined by Demirjian et al. (39) . In this method, teeth are scored on a scale ranging from A to H based on progressing crown and root development. Both maxillary and mandibular third molars of the left and right sides were scored for development. These are the teeth numbered #1, #16, #17, and #32 (following the Universal Numbering System adopted by the American Dental Association).
In the clinical literature, an impacted tooth is defined as one that may be erupted or unerupted, but will never achieve the usual occlusal relationship with other teeth in the dental arcade (40) . There are two systems for defining third molar impaction: Winter's classification, and Pell and Gregory's classification. Winter's classification was developed first (41) and is based on the angle of the impacted third molar in relation to the long axis of the second molar. The Pell and Gregory classification is restricted to mandibular third molars and is based on the relationship of the impacted third molar to both the ramus of the mandible and the second molar (42) . These systems serve as a clinical guide for determining the best treatment and removal. As this research is a dental anthropological study to explore development, the type of impaction on either the Winter's or Pell and Gregory's classification system was not recorded. Instead, a third molar was recorded as impacted if it met the clinical definition, that is, any third molar that deviated from the normal path of eruption, such that it could not, or did not, achieve its normal occlusal relationship with the other teeth in the dental arcade.
Third molars were first evaluated individually as a single individual would not necessarily have four impacted molars and could have molars at different stages of development. From the 114 individuals, 273 molars were identified (90 impacted and 183 unimpacted). Individuals were then also evaluated and divided into two cohorts: individuals with at least one impacted third molar (n = 50) and those without a single impacted third molar (n = 64). Identified ages ranged from 17 to 37 years of age (Table 1 and Fig. 1 ). Identified ancestral groups include American White, American Black, and Hispanic (Table 2) .
Age was estimated based on the appropriate method for each ancestry group using the third molar. The American White sample followed Mincer et al. (13) , the American Black sample followed Blankenship et al. (4) , and the Hispanic sample followed Solari and Abramovitch (1). Known age-at-death was compared to estimated age to identify discrepancies in the impacted vs. unimpacted cohorts. The age range of the method was expanded to whole years; for example, if an age estimate was 16.64-19.43 years, the predicted range was 16-19 years. If the known age was not within the predicted range, a discrepancy was recorded as the method either providing an age that was too low (i.e., underage) or too high (i.e., overage).
Statistical analyses included summary statistics as well as zscores to test for differences in proportions of correctly and incorrectly aged individuals. All analyses were conducted in the R statistical computing environment (43) .
Results
A random set of 15 individuals was used to assess observer error. The Demirjian score (39) of all visible third molars was recorded by a single individual (KH) on this set twice separated by a span of approximately 1 year to evaluate intraobserver error. This same set was also scored by a second individual (MAP) to evaluate interobserver error. Scores were compared using Cohen's weighted kappa (44, 45) . The kappa value for the intraobserver error was 0.822, and for interobserver error, it was 0.823. These values are in the "almost perfect" agreement category (46) . These results are also comparable to another observer error study on Demirjian stages that recorded kappa values of 0.8 and 0.75 for the intra-and interobserver error, respectively (47) . Other studies have also shown high levels of rater agreement when scoring radiographs for dental development (48, 49) . As with developmental scores, the decision of whether a tooth is impacted or not can be subjective. Therefore, observer error was also tested in the determination of whether or not a tooth was considered impacted. A random set of 25 individuals was observed by both authors and scored as either "0" no impaction or "1" impacted tooth." Impacted was scored as present when the third molar did not reach the level of the occlusal surface of the other molars, or was angled in such a way during eruption that would preclude the tooth from reaching this level of occlusion. The weighed kappa value was 0.723, indicating substantial agreement (46) , suggesting a reasonable degree of certainty in identifying an impacted tooth.
The distribution of all development scores for all third molars is presented in Fig. 2 . Based on the age distribution of the sample, the most common developmental score is H. The number of impacted and unimpacted third molars for each tooth position (#1, 16,17,32) is presented in Table 3 . Each position in the dental arcade is comparable in terms of percent of impacted teeth; however, tooth #32 is the most commonly impacted tooth.
Overall, among the impacted teeth (n = 90), there was a tendency to underage in 25.56% of the teeth, with none resulting in an estimate of age that was too great. Among unimpacted teeth (n = 183), 9.29% provided an age estimate that was too low, whereas only 1.09% provided an age estimate that was too high ( Table 4) . The data were then analyzed according to cohort group (i.e., individuals with impacted teeth and those without impacted teeth). The group with all unimpacted teeth was compared to that with individuals who had at least one impacted tooth. The cohort of individuals with impacted teeth was then further divided into sets of teeth that were impacted and sets of teeth that were not impacted (as a single individual could have fewer than all four molars impacted). All of the unimpacted teeth among individuals with only unimpacted teeth were correct in age estimations in 90.67% of cases. These teeth led to an underage estimation in 8.67% of cases and an overestimation of age in less than 1% of cases. In individuals with impacted teeth, the impacted teeth led to underage estimates in 25.56% of cases. The unimpacted teeth of individuals with at least one impacted third molar led to underage estimates in 12.12% of teeth and in overage estimates in 3.03% of the sample (Table 5) . Finally, z-score tests of proportions based on these results found significant differences between groups (Table 6 ).
Discussion and Conclusions
The third molar is a highly variable tooth, and age estimations based on its development can be subject to error. In fact, Mincer et al. age and formation of the third molar is, at best, moderate." Perhaps part of the issue with age estimations using the third molar could be impaction, as this tooth is regularly found to be impacted. The results of this study suggest that individuals with impacted third molars tend to have underdeveloped teeth, which could lead to inaccurate age estimations that are below the actual age-at-death values. Moreover, individuals with impactions may tend to have underdeveloped third molars overall, even in teeth that were not impacted although larger sample sizes are needed to verify this finding.
As third molar development is commonly used as an age indicator in late adolescence in a medicolegal context, it is important to understand the role impaction plays in overall development and related age estimations, particularly as third molar extractions are becoming less common. While these results are noteworthy to forensic anthropologists and odontologists performing age estimations, more work is needed on additional samples that include females, additional ancestry groups, and a broader range of ages into late adolescence.
